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1  Abstract 

An  lmwfclgatioa  of  the  McUatlon and  growth  ia  well  a* 

tuL  BMfc-  oh  AlAa/GaA*(100)  li  raponed.  RHBBD 

we  need  to  character!®®  the  lurfaes  and  ex-ritu  MOKE  measurements  were  used 

to  characterise  the  magnetic  properties,  W®  found  that  epitaxial  fllias:can  be gwwn 

over  ft  broad  composition  raage  0.8  <  x  <  0.8  provided  the  ap|»opriat«  nuctoa  1 

procedure  i«  used,  most  important  of  which  Is  the  deposition  h 

S«Ali_abefbre  annealing.  Ffe.Al^.undergMB  an  unusual  incubatjon  efect  over  the 

M  3  bU»y®B  of  growth  on  AlAs.  STM  «*»  at  1  -  J  3  bilayere  shod  some 

light  on  why  this  incubation  effect  esdstB.  After  depositing  90A  and  annealing,  the 

SLZSL  d  a  (2  x  3)  and/or  a  (5  x  5)  surfs*  reconstruct. 

tion  depended  upon  the  anneal  temperature  and  film  composition.  STM  images 

at  »  ^Sjmmeried  film  showed  atomic  step  terraces  with  step  heights  rougldy 

rorresfLiing  to  the  height  of  an  Fh.Al^bilayer.  Differences  ware  a^>  seen  in 

tb^irfece  morphology  of  the  2-fold  and  3-fold  surfaces.  Growth  of 

In  «^bw17a1^5.ut£b«  product  UD<rfU> 
to  occur  in  3  distinct  inodes,  monolayer  and  bilayer.  It  was  determined  that  this 
growth  mode  was  primarily  dependant  upon  growth  composition,  but  had  soma  de- 
SSL  on  the  annealed  Fe^-.starting  surface.  The  exposition  at  which  the 
growth  mode  changed  from  monolayer  to  bilayer  closely  corresponded  to  the  com¬ 
position  at  which  Fe.AU-.changes  from  ferromagnetic  to  nonmagnetic.  Mettle 
measurement®  of  several  samples  confirmed  samples  above  s  =  0.7  to  be 

netic  with  magnetisation  in-plan®.  A  compositional  dependence  on  eoerdvity  and 
saturation  magnetization  was  also  found, 
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2  Introduction 

Epitaxial  growthbf  lntermetallie*  on  TII«V’a  has  besnthe  subject  of  much  research 
WBtttlv  b«c«®e  of  potential  applications ;m  the  fabrication  of  novel  electronic  and 
dertrLoptlc  devioBfl  and  p^ly  toowarcome  problems  with  creating  stable  eon^ta 
on  III-V’s.  Recently,  magnetic  Intennefcfiffies  have  begun  to  receive  soma  attention 
12  31  mainly  because  of  potential  appUcarians  in  th«  fabrication  of  ntwtl  mafnatlc 
d^viL  «d  their  integration  with  Jll-V'e.  Whether  depositing  magnetic  orn^j 
magnetic  Inlermstaffics.  there  is  a  common  rationale  for  using  intermetallicB  instead 
of^Hre  metals.  Intennetalice  are  expected  to  be  more  thennody^icalbj  StaWe 
which  is  key  to  achieving  abrupt  Juctions  and  maintaining  epitaxial  ordering.  In 
ISlticm,  there  are  a  large  number  of  lntermetalles,  Kane  of  which  aw  doeely  lattlee 
matched  to  III-V’s  making  them  prims  candidate#  for  epitaxial  growth. 

We  investigate  F*AWd  AlAs/GaAa  as  a  continuation  of  prior  efforte t*  Hu*- 
nia  and  Wowchak  to  understand  it's  nuclaatlon  and  growth.  They  grew  te8Alj_,om 
pseudomorphic  AlAs/InP  [5]  and  later  on  AJAs/QaAs  ft  hbrih  caaes 
strong  evidence  that  Fe.  AU-«waa  thermodynamic^y  stable  on tAlAato ^  ° 
the  composition  range  0.5  <*  <  0,73.  They  started  with  pseudemorphk  AlAs/fcP 
subsSs  because  of  the  relatively  small  lattice  mismatch  it  has  with  FhAl  (CsQ), 
.q  9%  ,  They  reported  seeing  several  interesting  effects.  First,  the  initial  nudaat  on 
^ited^in^tion  period  lasting  2  to  3  bilayos  in  which  the  intensity  of  tte 
enecular  difeaction  beam  drops  to  near  background  and  then  recover*.  Second, 
Sowth  Of  FsBAli_*on  an  annealed  J^Ali-sSurface  resulted  in  either  a  bilayer  or 
S^O growth  mode  a.  determined  by  RHEBD  oscillations  where  a  monomer 
is  defined  as  a  single  atomic  layer  with  a  characteristic  thickness  of  about  1.45A. 
A  bilayer  ia  two  atomic  layers  and  has  e  charactistie  thickness  o  a  ou  .  • 

LaaSythay  found  surprisingly  few  differences  between  growth  on  AlAa/InP  and  on 
XSl/blS  evon  tS  there  1-  a  big  difference  In  lattice  mismatch,  -0.9%  versus 

2.9%  respectively. 

In  this  report,  we  addresu  several  main  topics;  audaation,  annealing,  growth 
Mid  magnetic  properties  of  Ib.Al,-.on  AlAe/GaAB.  In  the  mdwtkot  •*:««>."<• 
«p  JtTthe  neeofSTM  to  tma«e  the  eurf.ee  dulng  the 
hAh»  us  to  provide  a  more  detailed  esp&mtlosi  for  the  incubation  -effect,  m  the 

*->  -  «-  wi-  <-»*  to  oht^r. : 

when  aaneelta*  very  thta  aim  end  eleo  on  the  diBereot  eurfece  reconetrurtto 

c^WbtSd  after  unmling  fh.AU-.fllm  of  vnrione  oomptndttoB.  to 

turn  between  WO  and  WC  Wb  .to  show  STM  image.  of  thaw  enneeled  aurfam 
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docu«  tie  poeelble  reaeon*  »t  two  aiaerent  growth  mode..  f'melly.  lnthe  megoet^ 
DKootte  rerttaoj  we  report  m  MOKE  inewrarement. i  of  eeverd  aim  with  differ- 
StOTiprelthmfh  which  trend*  am  be  obrerved  In  the  eooclvtty  end  retoretion 

magnetization. 


3  Experimental 

A  conventional  OeA*  MBB  eyatem  equipped  with  an  ft  e-b*am  CTree, 
made  to  at  in  a  Knjmtren  ceD  retiree  port,  wre  ured  for 
Joice  le  elmilre  to  tint  d-etlbed  by  Jonket  et-al  16].  Ia-eitu  growth  numbing 
wu  performed  with  e  etanderd  RHBED  meaenrement  eyetam  operating  at  10  KeV. 
Attached  to  the  MB*  qwtem  wu  e  UHV  STM.  Semple*  could  be  *  ° 

UHV  STM  without  expoeun  to  eh.  allowing  for  toetmg  of  e  dean  eurfre*.  Aftff 
growth,  MOKE  measurement*,  epeoideally  longitudinal  end  polar  Kerr  loops,  were 

performed  on  several  samples  in  air. 

Semple  preparation  w»  aa  follow.;  Orddea  were  deeorhed  from  a  OaA.  (»00) 
N+  SI  toped  eubetrate  by  heetlng  to  020  "C  In  a  Aaamc  badtground  of  1  *10 
T&tv  A  30OOA  GsAb  buffer,  doped  with  Si  to  about  1  x  10  cm  ,  wafl  thea  gwm- 
The  buffer  and  eubetrate  were  doped  to  iniure  that  the  eample  would  be  conducting 
for  ST^meeeurements.  Afrer  the  GaA.  bufler,  eo  AlAe  film  10  mreotayre.  thfck 
was  dsDMlted  This  was  intended  to  act  as  a  diffusion/reaction  bamer  to 

Thesampla^eooledtoSOO-Ca^^d^ 

the  deposition  chamber.  The  Arsenic  source  was  turned  down  and  tha  remaWng 
y£^fo  background  wre  gettered  with  Oa  red  A1  onttt  the  bare 
3  x  10“*  Tbrr  The  Fh  and  A1  sources  w m  then  set  to  give  the  desired  Fe-Al  ratio 
^  a  ,«£.  dapealtion  ret.  monitor,  lb.  rempb  returned  to  Ae 

drereition  ebarhber  end  heated  to  700  X  until  an  AlAe  (S  x  2)  pattern  appeared. 
TOMnooeadure  wee  ehewn  to  drive  off  Ga  eurfec*  contammatee  and  reduce  the 
Amenta  oorerege  on  the  eurfre.  (7).  Family,  the 

back  down,  to  2Q0°C  and  FE^Alj_ewB»  geosm  by  co-deposition  of  Fb  and  Al. 

lb  produce  an  epluudd  61m,  we  depcelted  a  mlnlnmm i  of  Ml  of  feAli-eOn  the 
ilAeeuEfoe*  before  ennealiog to between $60 red  700*0.  After  annealing,  eddltlorel 

FVA1i.,wm  grown  at  200  *C  by  again  co-depoalntag  fb  and "v ^•c'rhta 
nMiehlv  100 A.  the  would  aaein  be  annealed  to  between  580  an  * 

pli?^ rfpowth  and  annedtog  could  be  repeated  IndeBnitely  without  degndation 

of  the  RHEED  pattern. 

Previou.  work  focured  more  on  the  OeOl  phree  of  ft.  AW*!*,  recording  to 
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tlie  bulk  ft-Al  phase  diagram,  iadsfe  betwas®  0.5  <  a  <  O  SS.  In  our;'study,  we  put 
oujre  empbaaia  oh  the  BIF*  pW  of  Fte, M^whkh  exist  between  0.63  <  *  <  0.78. 
(81  We  are  Interested  in  this  phase  because  it  has  a  smaller  lattice  mianaateh  with 
GaAs  than  the  GaGl  phase,  1.6%  versus  SJ&ddition,  ft*Ali-«,beccim8fl  fenoniAgetlc 
above  x  m  0.7,  giving  us  the  ability  to  study  the  magnetic  properties  of  these  films. 


4  Results  and  Discussion 


4.1  Nucleation 

Ae  mentioned  earlier,  the  nudeatioa  of  F^Ali-®on  AlAa  exhibits  an  incubation  ef¬ 
fect  lasting  2-8  bilayers.  Thi*  effect  was  found  to  be  more  or  less  independent  of 
growth  composition  with  the;  exception  that  the  duration  of  incubation  and  die  rate 
of  recovery  was  somewhat  dependent  on  composition.  In  general,  higher  Fe  com¬ 
positions  produced  a  longer  Incubation  period  and  slower  recovery.  This,  however, 
wae  a  small  effect  and  accounted  for  the  incubation  lasting  up  to  5  bilayera  instead 
of  3.  Also,  after  the  incubation  period,  the  RHEED  inteneity  weakly  oadUated  at 
lower  ft  compositions.  This  did  not  happen  at  higher  ft  compositions.  Ws  did  not 
study  these  effects  in  detail.  Instead,  we  attempt  to  provide  some  insight  into  why 
ws  get  this  unusual  Incubation  effect. 

Fig.  1  shows  a  couple  of  STM  images  taken  at  1  bilayer  of  growth  and  3  bilqyere 
of  growth.  1  bilayer  of  growth  carra«pcmd§  to  the  point  in  the  incubation  where 
the  RHEED  pattern  intensity  reaches  a  minimum  and  3  hi  layers  correspond  to  the 
point  whew  the  intensity  Is  almost  fully  recovered.  The  first  Image,  Fig  K  shows  a 
long  range  seen  of  fch«  1  bikyer  eurface  is  which  we  can  see  laage,  fiat,  atomic  height 

terraceTA  close  range  scan.  Fig.  lb,  shows  that  the  entire  surface,  including  the 
terraces,  are  covered  with  email  dusters  40A  in  ske  and  1.8A  high  oa  average,  e 
believe  that  the  clusters  are  composed,  of  FesAli_*aad  the  large  terraces  are  due  to 
the  underlying  AlAa  surface.  Kg.  le  shows  a  long  range  scan  of  the  3  bilayer  surface 
and  Fig.  Id  shews  a  short  reap  scan.  It  can  be  seen  that  the  AiAs  terraces  are  no 
lonaer  vieable,  but  acme  email  features  on  tha  surface  are  still  viable.  However,  they 
do  not  appear  to  be  clusters  like  those  shown  in  Fig  lb.  The  RHEED  patterns i  atl 
bilayer  and  3  bilayer  exhibit,  distinct  ftAl  1-fold  patterns.  At  1  bilayer,  the pattern 
to  vew  dim,  but  the  shape  and  size  of  the  difracted  beams  are  nearly  identical  to 
tha  on®  at  3  bilayera.  The  only  difference  appears  to  be  the  intensity. 

With  the  combined  information  from  RHEED  and  STM  we  can  postulate  that 
the  incubation  effect  i.  due  the  the  almost  immediate  formation  of  amorphous  or 
eemi-amoiphous  ftAl  cluster*.  The  amophoua  or  aemi-aroorphoua  nature  of  the 
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would  th®  amount  far  jtbe  diop  in  RHEBD  ^ 

RHEED  intensity  would  then  be  due  to  the  FfeAI  ordered  pbfiae 
energetically  fawfftUe  than  the  amorphous  phase  at  around  2  to  3  hdlayera. 


4.2  Annealing 

As  we  described  in  the  experimental  section,  we  grew  at  least  90A  ofF%sAh-.  an 
aLT  STS  Lp«atZ  befor.  annealing.  We  followed  this  pro^e  fee*su* 

■^A^sssssssstssisit 

fa  addition, 7—  not  ponlble  to obfaln gS 
!X»  TW«  waa  aoaa  evidence  that  the  minimum  dim  tUdnaa  ■«*«» 
annealing  was  dapeniant  upon  aim  competition,  bowew,  this  to i  not  fajdwjj" 
ST  1,  possible  that  this  affect  la  do.  to  »  «rtaln  .mount  of  thmmodjmamlo 

instability  of  the  ffe,Ali-^lms. 

We  we  able  to  get  a  good  diffraction  pattern  when  annealing  film*  thicker  than 
qoA  Before  annealing  the  films  exhibited  a  "fussy”  (1  *  1)  diffraction  pattern.  After 

ITS*-  -a- a  (2 , *  !H/«  •(Slf!“t"rs 

d  rn pMfam  to  not  dependent  .0  eomp-Mon. 
tcm  to  650-700  “C  naulted  In  the  compoaltion  dependent  fermntt “Jj.  ejLu 
2landL/or  a  (5  x  Bidiffraction  pattern.  At  *  =  0.8,  the  film  exhibited  »pu»  2-fold 

pattern  Between  0.66  <  •  <  0.T  the  film  exhibited  a  hSh«1h 

pattern  with  the  5-fold  pattern  becoming  more  and  more  dominant  at W 

concentration*.  At  ox  above  x  =  0  75,  the  film  exhlbKed  •  P"? 

Thaw  VU  am  evidence  that  the  5-fold  pattern  m  due  to  enm  Fa  cm  tba  aurfaoa. 

This  to  discussed  in  more  detail  In  the  growth  section. 

Wa  looked  at  the  mixfoee  of  3  ennwW  Obn.  with  STM ,  on.  afabitta,  a  2doU 

nffi^attem  «d  —  -*■*«  •  F1‘ 

coneepandfag  to  th.  M°M  Ugfa.  of  2.HA.  Tblaatep 

A  M«ht  ot  a  FhAl  tlw. 

°T.„  ^  Btep  bunching  fa  many  locution*  whore  2  bftayor  .top.  come  togetnn 
image  bhowb  ““®  .  ' .  ™  2b  8vowg  image  corresponding  to 

to  form  a  tingle  step  5.54Aln  height,  tig.  a>  Sfl0W®  7'“^.,  nvJ  u\bk  and 
.  _  »  % ,  Tki»  surface  a>'*n  shews  terraces  with  lengths  over  4UUA 

£p^pof  m  .ri 

bilayer  step.  Companion  of  the  two  imag«  ehew  a  oremaws  w. 
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Sti  compositions  above  *  -  0.7  resulted  in  monol^sr  growth  — -  - 

below  *  -  0.7  resulted  in  Wlayer  growth,  however  the  storting  sorface 
eSsct  on  growth  mods.  By  starting  surface  we  mean  the  annealed 
upon  which  we  were  growing.  Whan  attempting  to  grow  on 
foM  diffraction  pattern,  the  tot  1  to  15  liters  of  growth  would  fW*™**^ 
Assuming  the  growth  composition  wf  below  ,  -  0J 
thm  transition  to  bUayer  growth  alter  l  to  15  layers  of  growth.  The 
which  the  growth  would  transition  to  Wlayer  growth  was  deprnto  upon  oomp<^ 
sition.  At  *  -  0-5  the  transition  would  occur  after  1  layer  of  growth-  At  *  0.6 

the  transition  would  talcs  as  much  as  10  layers.  Tha  closer  we  8oV^"  x  “  • 
longer  the  transition  would  take.  This  effect  was  to  contrast  to  powthoaa  Md 
sZ*  where  the  transition  was  quite  abrupt.  Below  *  -0.7,  the  growth  wc^d 
start  and  remain  to  bilayer  mode.  From  the  results  stated  above,  we  included 
StfsSd^^TaWy  Fh  rkh  and  that  the  reason  why  we  wouM  ^ 
gpt  monolayer  growth  on  this  surface  was  due  to  the  exes* _Fh  ridinSj^B^ 
Sud^wiXorpcrating  into  the  growing  layers.  If  enough  A  wee  present  «  ■ the 
I^TsoTSrini  tow  Fe  compositions  on  such  a  surface,  the  excess  Ete  would 
get  used  up  quickly  and  the  growth  would  transition  to  blleysr  after  .  At  higher 
fom^tK  m «  lb  £dd  be  used  mors  slowly  and  the  transition  to  Mayor 

growth  would  t&k*  longer. 

On  >  J-fold  eurfcce,  the  twnrttinn  boa  monolnyw  to  bllajjn  occur,  0  7 

as  mTmM.  Hootvst,  no  a  5-fold  rnrfh*,  tha  te  fa '  *»  •»  ^ 
Shnws  oocur  in  n  monolayet  mode,  even  at  x  -  0.5  whiejr to  usu~ 

grorih  rafian.  Aftar  »*r.l  layer,  of  depototion,  tha  P^chanjaa  tea  t»ky* 
f^T  Ttamuobet  of  layer,  needed  before  a  complete  trerudtion  to  Mayor  gwad. 
StoeXt  on  tha  pcXcompoation.  At  *  -  0.6,  tha  tramntlon^ftom  rmmolaytr 

the  Mlos  period  may  taka  40  monolayers  or  more.  The  feet 
ZvL  monolayer  growth  indicates  that  tbs  surface  is  Fe  rl*  and  the  «£>  * 
incorpartates  toto  the  growth  causing  composition  to  te^oraxiiy  have  mote  Fe 
than  what  is  being  deposition,  thus  eausmg  monolayer  growth. 
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We  report  on  new  Bad^nreleted 

Tto nudretlonbe^ormny «»»■»  fa 

2.i2-—  -- ■—-**■  ^2S£^wKE3£ 

grow  a  minimum  thidcn*Bs  of  FtgAli-s  .  t  r8gact  jf  the  reason  for 

£  order  to  obtain  a  snmoth  surface.  t  ^loo  with  the 

the  instability  of  films  thinner  this  mi  ®  nrooees  Third  uefog  tha  nuclaatlon 
underlying  AlAs layer  or  is epitaxial 
and  growth  procedure  outlined  la  the  experimental  section,  mgmy  Ths 

films  can  be  produced  over  the  entire  Surface  is  primarily  determined 

growth  mode  of  fh»Ali-*on  ^  &nneft^  L,,^lhnve  x  ■  0.7  and  bilayer  growth 
by  growth  composition.  Monolayer  gr  behavior  also  depends  upon  the 

occurs  below  that  value.  to* 
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Figure  Cep^ioni 

Fig.l  fcHEED  pattern  a)  end  oorr«] 
cleatios  after  1  mi*  of  deposition  on  u 
shows  email  struct  ur®  40A  in  eiee  and  1-M 


STM  images  b)  trf  the  initial  ms- 
(3  x  2)8urfeca-  The  STM  image 

on  average. 


Fig, 2  RHBBD  ptotarn  showing  a  »h®P 
to  5M*C  ‘h*  t«t«p»iiaing  STM  ta*g»  *»ta*  WlajK  <W  «« 

150A  in  rise. 

Flg.3  RHEED  «Ul«lona  showing  a) 

^O.n,  b)  •  ttotolttal  from  ntonolhyar  to  b&tfsn  gwrth  «  *-0.68  MW  «)  ou*)r'c 

growth  at  &  composition  of  x-0.72. 

p|g, 8  Longitudinal  K«t  loope  of  three  samples  a)  x-0.8,  b)  x-0.7  and  o)  jc^-0.6. 
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